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1.0 INTRODUCTION 

1.1 Summary 

The Wiggins property is located at 3454 Santa Rosa Avenue, in Santa Rosa, California. The 
Location Map and Site Map are presented as Figures 1 and 2, respectively. The site has been the 
subject of ongoing soil and groundwater investigations and monitoring activities since the 
removal of four steel underground storage tanks (UST) in 1986 that contained regular and 
unleaded gasoline and diesel. Interim corrective actions consisting of soil excavation was 
performed and a reported total of 4,200 tons of contaminated soil was removed. A November 23, 
2004 Corrective Action Plan (CAP) was submitted to the Sonoma County Department of Health 
Services, Environmental Health Division (SCDHS-EHD) and approved in their January 19, 2005 
letter (see Appendix A). 
 
This Remedial Action Plan (RAP) summarizes the extent of soil and groundwater contamination 
at the site. It also presents design details for the proposed ozone sparge system and provisional 
High-Vacuum Dual-Phase Extraction (HVDPE) system. 
 
The Ozone System is proposed to address the extent of the dissolved-phase and minimal free-
phase hydrocarbon impacts. If the extent of free-phase hydrocarbons is larger than expected and 
encountered during the ozone sparge point installation, Winzler & Kelly proposes to address 
these areas of free-phase hydrocarbon impacts and supplementing the ozone sparge system with 
the periodic operation of HVDPE. The purpose of the HVDPE system will be to more rapidly 
remove free-phase hydrocarbons, thus reducing the time required for site cleanup. 
 
If needed, the proposed HVDPE system will be operated on a periodic basis in conjunction with 
the ozone sparge system for the first year. The HVDPE system will be discontinued once 
groundwater monitoring results indicate the absence of free product in the groundwater wells. 
From that point forward, the ozone sparge system would be expected to remediate dissolved-
phase petroleum hydrocarbons at the site. 
 
This RAP includes detailed design for installation of the system, as required by the State Water 
Resources Control Board, UST Cleanup Fund (State Fund) and details both the primary remedial 
option, ozone sparging, and the provisional periodic use of a HVDPE system if needed to 
mitigate free product. 
 
Refer to the Winzler & Kelly’s November 2004 CAP for a comprehensive discussion of the soil 
and groundwater conditions at the site. 
 
1.2 Site Description 

The site is currently a vacant lot and is located on Santa Rosa Avenue, south of East Robles 
Avenue, in southeastern Santa Rosa, California (Figure 1). This site is in the central portion of 
the Santa Rosa Plain Sub Basin, which extends from Windsor south to Penngrove. The 
approximate elevation at the site is 105 feet above mean sea level. Currently, there are three on-
site monitoring wells (MW-6 through MW-8) and five off-site monitoring wells (MW-5, and 
MW-9 through MW-12) associated with the site cleanup and groundwater monitoring process. 
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The topography of the area surrounding the site is generally flat, with a slight slope to the west-
southwest. 
 
1.3 Site Hydrogeology 

Santa Rosa is located within the Coastal Range province, which extends 400 miles along the 
western half of California. The geologic structure of the area is comprised of northwest trending 
ridges and intervening valleys that were formed by faulting. The surrounding area’s geology is 
shown on maps in Geology for Planning in Sonoma County, Special Report 120 (California 
Division of Mines and Geology, 1980), as Quaternary age (2 million years or younger) alluvial 
fan deposits bordering uplands with the heads of the alluvial fans incised by channels partially 
filled by terraced deposits of younger alluvium. 
 
Boring logs from on- and off-site borings indicate that the lithology at the site generally consists 
of brown lean clay with varying amounts of silt and sand to depths of approximately 13 to 19 
feet below ground surface (bgs) for most of the site. Gradational changes from lean clays to silt 
and silty sand to gravels are encountered in the area of the former UST excavation. The gravels 
are first encountered from 13 to 17 feet bgs and extend to a range of 20 to 24 feet bgs and are 
saturated. This gradational change and gravel unit suggests a channel deposit of a former 
streambed. 
 
Periodic groundwater monitoring and sampling has occurred at the site since November 1986. 
Groundwater at the site is typically measured at depths ranging from 3 to 15 feet bgs in the 
monitoring wells. Groundwater historically flows to the southwest at an average gradient of 0.01 
ft/ft. 
 
1.4 Surface Water in Proximity to Site 

The closest natural surface water is an unnamed seasonal creek approximately 600 to 800 feet 
east (upgradient) of the site flowing south into Todd Channel, which flows into Laguna de Santa 
Rosa in the Russian River watershed. 
 
1.5 Contaminant Characteristics 

1.5.1 Contaminants Present 
Contaminants present at this site originated primarily from a leaking gasoline UST and the 
associated piping. Specific compounds associated with the gasoline release include benzene, 
toluene, ethyl benzene, and xylenes (BTEX). No other sources of potential groundwater impacts 
have been reported at the site. These include the former diesel USTs. Historical investigations 
have determined that there is no presence of oxygenated compounds such as methyl tert-butyl 
ether (MTBE) in the groundwater at the site. Although MTBE was commercially produced as 
early as 1979, the removal of the on-site gasoline UST (1986) predates the widespread use of 
MTBE. The fact that MTBE is not found in any of the monitoring wells, or where residual soil 
contamination from the on-site release(s) would be expected to occur, indicates that the MTBE 
and other oxygenated compounds are not contaminants of concern. 
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1.5.2 Soil Contamination 

In late October and early November 2000, approximately 4,200 tons of contaminated soil was 
excavated from the site, transported, and disposed to Forward Landfill in Manteca, California. 
Soil contamination was removed by the excavation activities to the arbitrary target cut-off 
concentration of 800 mg/kg of TPH approved by the State Fund, according to EnviroNet’s July 
22, 2002 Report. A review of the available project files has not produced any document 
recommending or directing EnviroNet on this arbitrary target cut-off concentration. 
 
Based on all of the soil data collected to date at the site, it appears the previous soil excavation to 
remove the USTs and subsequent over-excavation activities was successful in removing a 
majority of the soil contamination down to groundwater depth. However, because the excavation 
was restricted due to site limitations (i.e., sidewalk, property boundary limits and the arbitrary 
target goal of 800 mg/kg) the excavation was terminated before the removal of all contaminated 
soil was completed. As a result, residual source material remains in soils in three areas: 1) along 
the northeastern portion of the 2000 excavation; 2) in a limited area along the southern extent of 
the 1986 excavation; and 3) under the sidewalk and street to the west of the site. Low levels of 
contamination related to groundwater may have re-contaminated the backfill within the former 
excavation. 
 
1.5.3 Groundwater Contamination 

Destroyed monitoring wells MW-1, MW-2, and MW-4 have been reported to have contained 
free-phase hydrocarbons; however, they were abandoned in 1998 in preparation of the extensive 
soil excavation activities. The remaining on-site wells (MW-6 through MW-8) which are 
upgradient of the former USTs and soil excavation areas have essentially been non-detect since 
they were installed in 2000. Petroleum hydrocarbon have been detected in off-site monitoring 
wells MW-5 (1994) and MW-10 (2002) since they were installed, with free-phase hydrocarbons 
observed in MW-10 (0.15 feet, July 2004). On November 3, 2003, a PetroTrapTM skimmer was 
installed by EnviroNet in monitoring well MW-10 and later removed by Winzler & Kelly in 
April 2004 due to the very low recovery of free-phase product. Off-site monitoring wells MW-9, 
MW-11, and MW-12 have been reported as non-detect since their installation and define the 
lateral and downgradient extent of the groundwater impact at the site. 
 
Groundwater sample results indicate the highest concentrations of petroleum hydrocarbons are 
present in off-site monitoring wells MW-5 and MW-10, where free-phase hydrocarbons are 
present. The highest concentrations of TPH-G found in monitoring well MW-5 were detected on 
January 15, 2002, at 7,800µg/L and have steadily declined to a historic low during the most 
recent July 2004 sampling event of 870 µg/L. 
 
For the January 2004 sampling event, toluene, ethyl benzene, total xylenes, and MTBE 
compounds were all below the action levels in MW-5. Fuel oxygenates and lead scavengers have 
historically been detected in MW-5, but have also declined to non-detect except for the lead 
scavenger EDC at 1.7 µg/L. For the January 2004 event, only TPH-G exceeded the action level 
(50 µg/L) in MW-5 at 870 µg/L. 
 
Based on the current monitoring well network, only monitoring well MW-5 has detectable 
concentrations of petroleum hydrocarbons, except for the free-phase hydrocarbons contained in 
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monitoring well MW-10. The extent of the dissolved hydrocarbons is defined downgradient by 
monitoring wells MW-11 and MW-12, upgradient by MW-6 and MW-7, and laterally to the south 
by MW-8 and MW-9. Current groundwater conditions in the area of destroyed monitoring wells 
MW-1, MW-2, and MW-4, where they historically had documented free-phase hydrocarbons, as 
well as the dissolved hydrocarbons in destroyed monitoring well MW-3, is unknown. 
 
1.5.4 Trends in Contaminant Concentration 
The dissolved impact is located along the western property in the area of the former USTs and 
extends into Santa Rosa Avenue. TPH-G and BTEX constituents identified are primarily limited 
to off-site monitoring wells in MW-5 and MW-10 located directly downgradient of the former 
USTs. Historically, monitoring wells MW-1 and MW-4 contained free-phase hydrocarbons until 
they were destroyed in 2000 prior to the over-excavation of impacted soils. The sampling and 
monitoring results indicate that the most significant petroleum-related hydrocarbon 
contamination present is in the area of monitoring well MW-10, which contains free-phase 
hydrocarbons. The dissolved plume is expected in the vicinity of the former UST excavation and 
extending into Santa Rosa Avenue. 
 
The presence of free-phase hydrocarbons and its associated dissolved components exceed the 
respective Water Quality Objectives. The overall concentrations, based on the current monitoring 
well network, indicate a declining dissolved concentration trend. The presence of petroleum 
hydrocarbons detected in off-site monitoring wells MW-5 and MW-10 indicates contaminant 
migration in the direction of groundwater flow, which has consistently been calculated toward 
the southwest. Downgradient wells MW-11 and MW-12 have delineated the plume and are still 
reported as non-detect for all analytes tested. 
 
2.0 PROPOSED CLEANUP LEVELS 

The Drinking Water Standard is the most stringent potential beneficial use for groundwater at the 
site, and will be initially applied to each constituent as the proposed cleanup standard. The 
established cleanup goals for the concentrations of constituents of concern at the Wiggins 
Property are presented below: 
 

Constituent 
Proposed 
Cleanup 

Level 
Reference for Criteria 

TPH-G <50 µg/L USEPA Taste and Odor Threshold is 5 µg/L, but detection 
limit is 50 µg/L and is controlling. 

Benzene <1 µg/L Primary MCLs from Title 22, Section 64444 Organic 
Chemicals. Water Quality Objective. 

Toluene <42 µg/L USEPA Taste and Odor Threshold, Federal Register 
54(97): 22064-22138; applied Taste and Odor Water 
Quality Objective. There is a less stringent CA DHS Action 
Level of 100 µg/L applied to the Toxicity Water Quality 
Objective. 

Ethyl benzene <29 µg/L USEPA Taste and Odor Threshold, Federal Register 
54(97): 22064-22138; applied Taste and Odor Water 
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Proposed 
Constituent Cleanup Reference for Criteria 

Level 
Quality Objective; there is a less stringent CA MCL of 580 
µg/L. 

Xylenes <17 µg/L USEPA Taste and Odor Threshold, Federal Register 
54(97): 22064-22138; applied Taste and Odor Water 
Quality Objective; there is a less stringent CA MCL of 
1,750 µg/L. 

MTBE <5 µg/L 35µg/L is USEPA health advisory for non-carcinogenic 
chronic exposure; applied Toxicity Water Quality 
Objective. 
13µg/L is the primary MCL, 5µg/L is the secondary MCL. 

1,2-
dichloroethane 

<0.5 µg/L Primary MCLs from Title 22, Section 64444 Organic 
Chemicals. Water Quality Objective. 

 

3.0 SYSTEMS INSTALLATION AND OPERATION 

As described in the CAP, an ozone injection system is an in situ groundwater remediation 
technology that involves the injection of ozone under low pressure into wells installed into the 
saturated zone (below the water table). This results in rapid destruction of hydrocarbons that 
come in contact with the ozone and with oxygen as the degradation product, promotes 
biodegradation by increasing the dissolved oxygen (DO) concentrations in the subsurface, 
stimulating the aerobic biodegradation in the saturated and unsaturated zones. 
 
The proposed ozone injection system will consist of 12, 1-inch sparge points installed at 
approximate 20-foot centers along a transect adjacent to the sidewalk and Santa Rosa Avenue 
and a second transect in the source area of the former UST excavation (Figure 3). Ozone will be 
generated and pumped into the ozone points, followed by air from a compressor. The proposed 
system would be located near the southern portion of the site (Figure 4). The pressure and flow 
to each of the points will be regulated from a control panel and will allow for optimization of the 
amount of ozone and airflow rates to each of the points. New and existing wells will be 
monitored to observe the change in contaminant concentrations and biodegradation activity. 
 
The proposed provisional HVDPE system uses a high-vacuum pump to simultaneously remove 
both liquid and vapor from low-permeability formations. The system removes contaminants from 
above and below the water table by lowering the water table around the well and also preventing 
water mounding during the application of high vacuum. 
 
The HVDPE system proposed for this site will specifically target the free-phase hydrocarbons 
and consist of a mobile unit utilized periodically when needed. This remedial method, in 
combination with the ozone injection system, will address both the free-phase and dissolved-
phase components in the area of highest contamination and the residual contamination beneath 
Santa Rosa Avenue. The placement of the extraction wells from which the HVDPE will be 
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conducted takes into account the current and historical presence of free-phase hydrocarbons 
identified at the site. They are placed so as to allow for the most effective removal of free-phase 
contaminants from the portion of the site. In addition, existing wells may also be used to perform 
HVDPE (MW-10). If necessary, the initial HVDPE effort will be scheduled for 15-days, after 
which the site monitoring wells will be monitored for the presence of free-phase hydrocarbons. 
Subsequent HVDPE events would be dependent of the absence or presence of free-phase 
hydrocarbons. 
 
In addition to the proposed 12 ozone sparge points, up to five new HVDPE extraction wells (if 
necessary) are proposed for the remedial and monitoring efforts at the site. The locations of these 
wells have not yet been determined, but would be in the area of encountered free-phase product. 
These additional wells may be required to provide extraction points to remove free-phase 
hydrocarbons at the site. Tentative locations for possible extraction wells would be:  two located 
in Santa Rosa Avenue, two extraction wells in the area of the former UST excavation and one 
extraction/monitoring well located near destroyed well MW-2 (east and adjacent to the former 
UST excavation). 
 
The tasks required to complete this RAP are described below: 
 
3.1 Drilling Preparation Activities 

Prior to the initiation of any drilling activities, each boring location will be marked with white 
paint and Underground Services Alert (USA) will be notified at least 48 hours before the field 
event to check the site for underground utilities. Access arrangements, encroachment permits and 
scheduling will be made with the current owner of the site and specific responsible agencies. All 
necessary drilling permits will be obtained from the SCDHS-EHD. The SCDHS-EHD and the 
North Coast Regional Water Quality Control Board (NCRWQCB) will be notified of the 
proposed field activities at least five days in advance. Street encroachment permit will be 
obtained from the City of Santa Rosa if the proposed provisional extraction wells are needed. 
 
3.2 Well Installation Activities 

This task includes the installation of the 12 ozone sparge points on site, and potentially up to five 
HVDPE extraction wells, three on-site and two off-site, if necessary. Because the site has been 
thoroughly investigated, no soils samples will be submitted for analysis; however, the borings 
drilled for the ozone sparge points will be monitored for free-phase product by collecting grab 
groundwater samples from each boring and analyzed for TPH-G to determine if additional 
extraction wells are necessary. 
 
3.2.1 Ozone Sparge Point Installation 
The ozone sparge points will consist of 1-inch diameter wells and installed at 20 feet on center as 
shown on Figure 3. The ozone sparge points will provide ozone to the areas where dissolved 
hydrocarbon concentrations have been identified. 
 
The ozone sparge points will be installed using a hollow-stem auger (HSA) drill rig with a 
minimum 6-3/4-inch diameter auger flights. The borings will be extended to the bottom of the 
shallow water-bearing zone and the underlying clay unit. The underlying clay unit has been 
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documented to range from 20.5 to 25 feet bgs in the area of proposed treatment. The actual depth 
of the proposed ozone sparge points will be dependent on field conditions encountered of the 
site. Care will be taken to ensure that each ozone sparge point is located in the permeable zone of 
the aquifer and not in the clay zones. 
 
The 1-inch diameter ozone sparge point will consist of a short 18-inch long, 0.020 continuous 
wrapped stainless steel well screen, fitted to ½-inch stainless steel drop pipe extending from the 
well screen to the surface. A filter pack consisting of #2/12-Monterey silica sand will be placed 
adjacent to the entire screened interval and extend approximately 1-foot above. A two-foot 
hydrated bentonite seal will be placed above the sand and finished with a neat cement grout to 
the surface. The surface completion will consist of a traffic rated vault set in concrete. Provisions 
for the connecting the sparge points to the ozone injection system control panel will be made. A 
typical ozone sparge point construction detail is shown on Figure 5. Site-specific field 
procedures for installing the ozone sparge points are provided in Appendix B. 
 
3.2.2 High-Vacuum Dual-Phase Extraction Well Installation 
HVDPE wells would be installed after the proposed ozone wells have been completed. If 
necessary, and dependent upon the extent of free-phase product, up to five proposed extraction 
wells will be installed using a HSA drill rig utilizing a minimum 10-inch diameter auger flights. 
The extraction wells will be constructed using a 4-inch schedule 40 PVC well casing, 0.010 
continuous wrapped screen, and a filter pack consisting of #2/12 Monterey silica sand. The filter 
pack will be placed from the total depth of 20 to 25 feet bgs to approximately 1 foot above the 
screened interval at 9 feet bgs, followed by 2 feet of hydrated bentonite. Above the hydrated 
bentonite, a neat cement seal will be installed and finished with a traffic-rated vault set in 
concrete. Each well will the screened interval set at the interface of the shallow aquifer and the 
underlying clay unit as described in the section above (3.2.1 Ozone Sparge Point Installation) 
and extending to 10 feet bgs. The remainder of the well will consist of blank casing to the 
surface. The most effective operation of the system will be during the summer and fall when the 
water levels are at there lowest. It is likely that high water levels during the winter will make the 
operation impractical. A typical extraction well construction detail is shown on Figure 6. Details 
regarding construction are provided in the Site-Specific Procedures for Monitoring Well 
Installation provided in Appendix B. 
 
One of the five tentative extraction wells is proposed to replace destroyed well MW-2 and would 
allow for monitoring and possibly for extraction via the HVDPE (Figure 4). This well will be 
installed similar to the extraction wells with the exception of the length of the screened interval. 
This proposed well will be completed within the shallow water-bearing zone with approximately 
15 feet of screen, so that the poteniometric surface can be monitored for free-phase 
hydrocarbons. If free-phase hydrocarbons are observed, the well will be connected to the 
HVDPE system to remove the free-phase hydrocarbons. Details regarding monitoring well 
installation are provided in Appendix B. 
 
3.3 Ozone Sparge System Installation 

The aboveground portion of the ozone sparge system will consist of an ozone cabinet, an oil-free 
air compressor, and controls contained in an enclosure and anchored to a concrete pad in the 
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southern portion of the site. Ozone distribution lines from the ozone generator cabinet to the 
individual sparge points will be of Teflon FEP material and contained within conveyance piping. 
Temporary electrical service will also need to be brought in to provide power to the ozone sparge 
system. The proposed locations of the 12 ozone sparge points are shown on Figure 3. Project 
Specifications for the ozone sparge system installation is presented in Appendix C. 
 
3.4 High-Vacuum Dual-Phase Extraction System 

If warranted, Winzler & Kelly will use a HVDPE system consisting of a mobile truck-mounted 
vacuum pump assembly to mitigate free-phase hydrocarbons at the site in addition to the ozone 
sparge operations. Vacuums up to 29 inches-Hg will be applied to each selected well. Extracted 
water will be treated to appropriate cleanup levels and discharged to the sanitary sewer under 
permit from the City of Santa Rosa. Extracted vapor will be treated and discharged under a 
permit issued by the Bay Area Air Quality Management District. 
 
The process will be applied to the new (if needed) HVDPE wells and to existing well MW-10. 
To maximize system recovery efficiency, as many as five HVDPE wells may be installed and 
used simultaneously on free-phase hydrocarbons in groundwater. The initial phase of the 
program would most likely include a 15-day event, followed by an additional 15-day event if 
warranted. During the HVDPE events, system parameters will be recorded such as vacuum, 
temperature, vapor flow rate, and the amount of groundwater extracted from the site. During the 
scheduled rest period, the extraction wells will be monitored for the presence of free-phase 
hydrocarbons. Additional HVDPE events may be required to complete the removal of the free-
phase hydrocarbons at the site and may be revised depending on initial results. The rate of 
extraction of air/water cannot be determined; however, the effectiveness of this process is well 
documented and will be evaluated after the first HVDPE event. A detailed description of the 
HVDPE system process is provided in Appendix D. 
 
3.5 Remedial System Operations 

Operation of the ozone sparge system will continue year round for a minimum of one year and 
most likely will run for approximately two years. Operation of the ozone sparge system will be 
in accordance to the manufactures recommendations and guidelines outlined in their Operation 
and Maintenance Manual. 
 
The operation of a HVDPE system would be provide by a specialty service vendor and is 
currently not scheduled. The HVDPE effort, if necessary, would operate independent of the 
ozone sparge system. The HVDPE system is a self-contained operation, where no site 
construction, other than possibly the installation of specially designed extraction wells. If 
necessary, the proposed initial scheduled event will comprise of one 15-day event. 
 
4.0 PROPOSED MONITORING AND REPORTING 

The site is currently monitored on a quarterly basis. The groundwater samples, water levels, and 
presence/absence of free-phase hydrocarbon will be performed according to the schedule 
presented in Table 1. 
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The DO levels will be measured using an electronic DO meter. In addition to DO, ORP will be 
analyzed to assist in the overall effectiveness evaluation. Any down-hole probe will be 
decontaminated between wells. Groundwater samples collected during the routine quarterly 
monitoring events will also be used to evaluate the remedial process. Time vs. concentration 
plots for selected wells will be prepared and presented. 
 
The pressure to each sparge point will be recorded at the time of each operation and monitoring 
(O&M) event and prior to shutting off for the routine monitoring and sampling events. The 
system shutdown is necessary to ensure that the groundwater level data is not influenced by the 
operation of the ozone sparge system. The well caps will then be removed and the wells allowed 
to equilibrate for a minimum of 30 minutes prior to measuring water levels. 
 
The DO levels and ORP results in the groundwater from the monitoring well samples will be 
collected, recorded and used to determine if the cycle time in the sparge points needs to be 
adjusted to allow for greater oxygen transfer. Any such action will be reported in the quarterly 
monitoring reports and the system evaluation will be documented and submitted on a semi-
annual basis. 
 
5.0 TIME TO ATTAIN PROPOSED CLEANUP LEVELS 

The proposed ozone sparge system will address the dissolved- and current free-phase 
contaminate plume. It is estimated that the ozone sparge system will operate for a minimum of 
one year, but will more likely operate for two years. It is recommended that the system operation 
and cleanup levels obtained be reviewed at the 6-month operation mark and reported on a semi-
annual basis. A plot of the TPH-G and BTEX levels versus time will be prepared, and an 
estimate of time to obtain cleanup levels presented. If necessary, the HVDPE process will be 
initially proposed for a total of 15-days and would be specifically for the removal of the free-
phase hydrocarbons documented at the site. The intent of the HVDPE would be to directly 
mitigate the free-phase hydrocarbons and reduce the duration of remedial effort at the site.  
 
6.0 PROPOSED IMPLEMENTATION SCHEDULE 

Upon receipt of approval by the SCDHS-EHD and subsequent cost pre-approval from the UST 
Fund, Winzler & Kelly will install the ozone sparge points. The HVDPE extraction wells will be 
installed as necessary based on the site data and field observations during the remedial efforts. 
 
Upon receipt of approval of the system design by the SCDHS-EHD, on behalf of Mr. Floyd 
Wiggins, Winzler & Kelly will obtain three bids for the installation of the ozone sparge system 
including the equipment, installation, trenching, and piping. Winzler & Kelly will then obtain 
cost pre-approval for the UST Fund of the expected costs to implement this RAP and operate the 
system. Once cost pre-approval has been obtained, the permitting process with the City of Santa 
Rosa, SCDHS-EHD, and PG&E will be initiated. It is estimated that these tasks will take 
approximately three months. 
 
Once the cost is pre-approved and the contract awarded, time will be required for the contractor 
to mobilize, order, and assemble all of the system components. The new sparge points will also 
need to be installed by a drilling contractor (under Winzler & Kelly’s oversight), and temporary 
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electrical service brought to the control panel at the site. It is estimated that it will take 
approximately 90 days from the time the contract is awarded, to system operation. 
 
7.0 CONCLUSIONS AND RECOMMENDATIONS 

It is recommended that the ozone sparge system be operated for a minimum of one year and will 
most likely be operated for up to two years. The TPH-G and BTEX levels from the quarterly 
sampling events will then be plotted versus time for each well and presented in each Semi-
Annual Operation and Maintenance Report. 
 
If the site data and field observation indicates the extent of free-phase product is more than 
anticipated, Winzler & Kelly recommend that a mobile HVDPE system be used to reduce and 
mitigate the presence of the free-phase product in order to expedite the site remedial effort. This 
would require the possibility of installing special extraction wells, applying for waste discharge 
permit, an air discharge permit, and contracting a mobile HVDPE contractor to perform the 
work. The mobile HVDPE system would operate on a15-day duration and would be dependent 
on the actual site conditions. If this additional remedial effort is necessary, Winzler & Kelly will 
notify the SCDHS-EHD on the planned activities and obtain all required permits. 
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Table 1. Proposed Groundwater Monitoring and Sampling Schedule
Wiggins Property

3454 Santa Rosa Avenue, Santa Rosa, California

Monitoring Well ID Current Sampling 
Frequency

Recommended 
Sampling Frequency

Recommended 
Analysis Basis for Monitoring

MW-5 Quarterly Quarterly TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Monitors impacted area.  Additional sampling as follows: Baseline and 
Annually (4th Quarter); bromide, bromate, dissolved - hexavalent chrome, 
-vanadium, -selenium and -molybdenum.

MW-6 Semi-Annually Quarterly TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Will serve as an early warning detection well for DW-3450

MW-7 Semi-Annually Semi-Annually TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Upgradient, historically non-detect 

MW-8 Semi-Annually Quarterly TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Will serve as an early warning detection well for DW-3496

MW-9 Quarterly Semi-Annually TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Historically non-detect and close to MW-8 and MW-11, which will be 
sampled quarterly

MW-10 Quarterly Quarterly TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Monitors impacted area.  Additional sampling as follows: Baseline and 
Annually (4th Quarter); bromide, bromate, dissolved - hexavalent chrome, 
-vanadium, -selenium and -molybdenum.

MW-11 Quarterly Quarterly TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Downgradient and off site, and will serve as an early warning detection 
well for DW-3415 and DW-3455. Additional sampling as follows: 
Baseline and Annually (4th Quarter); bromide, bromate, dissolved - 
hexavalent chrome, -vanadium, -selenium and -molybdenum. 

MW-12 Quarterly Semi-annually TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Historically non-detect and close to MW-11
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Table 1. Proposed Groundwater Monitoring and Sampling Schedule
Wiggins Property

3454 Santa Rosa Avenue, Santa Rosa, California

Monitoring Well ID Current Sampling 
Frequency

Recommended 
Sampling Frequency

Recommended 
Analysis Basis for Monitoring

DW-3415 Quarterly As needed basis TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Petroleum related constituents not detected on April 29, 2004. The well is 
located downgradient of monitoring wells MW-11 and MW-12. Samples 
will be collected from DW-3415 only if detections are present in either of 
the samples collected from MW-11 or MW-12. 

DW-3450 Quarterly As needed basis TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Petroleum related constituents not detected on May 6, 2004. The well is 
located upgradient of the contaminated area. Samples will be collected 
from DW-3450 only if detections are present in the samples collected from 
MW-6.

DW-3455 Quarterly As needed basis TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Petroleum related constituents not detected on April 29, 2004. The well is 
located downgradient of monitoring wells MW-11 and MW-12. Samples 
will be collected from DW-3415 only if detections are present in either of 
the samples collected from MW-11 or MW-12.

DW-3473 Quarterly Discontinue Sampling DW-3473 is inoperable and cannot be sampled.

DW-3496 Quarterly As needed basis TPH-G 8015M        
BTEX, Oxys 8260B   
DO, ORP, pH

Winzler & Kelly will seek permission to sample the well during the next 
quarterly sampling event. If petroleum related constituents are not 
identified in the groundwater sample, then future samples will be sampled 
only if there is a detection in monitoring well MW-8.

DW-3521 Quarterly Discontinue sampling This well is located over 2000 feet crossgradient of 3454 Santa Rosa 
Avenue.
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  Appendix B

Site-Specific Field Procedures
 



WINZLER & KELLY CONSULTING ENGINEERS 
 
 

Site-Specific Ozone Sparge Point Installation Procedures 
Wiggins Property 

3454 Santa Rosa Avenue, Santa Rosa, California 
 
 
1. Objective 
 

Install ozone sparge points. 
 
2. Background 
 

Ozone sparge points will be installed in accordance with the procedures described herein. 
 
3. Personnel Required and Responsibilities 
 

Staff Geologist: An experienced staff geologist (SG) will ensure that the ozone sparge 
points will be properly installed and oversee the logging of the borings. The SG will be 
responsible for complying with the procedures regarding installation of the ozone sparge 
points, collection of samples, containerization of samples, and documentation. 

 
Drilling Technicians: Drilling technicians from a drilling company holding a C-57 
license will perform the biosparge point installation. 

 
4. Equipment Required 
 

 Rotary auger drilling rig 
 Level C and D safety equipment 
 Boring Log Form / Munsell Soil Color Charts 
 Laboratory provided sample containers 
 En Core® Sampler Set 
 Sample labels / Indelible marker 
 Disposal gloves 
 Ice chest with ice 
 ASTM Classification Guide 
 Wash equipment 
 Organic Vapor meter (OVM) 

 
5. Procedure 
 

 Winzler & Kelly will obtain all required permits prior to installing the ozone sparge 
points. A Site-Specific Safety Plan detailing site hazards, site safety, and control will 
be prepared prior to any field work. Underground Services Alert (USA) will be 
notified of the planned work at least 48 hours prior to drilling. 
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 s to screen for the 

 
 A HSA drilling rig equipped with 8-inch diameter augers will be used to install the 

t 

h 

 

ut 

 
 The ozone sparge point borings will be installed to the depth described in the project 

 
 Soil types will be classified and logged using the ASTM Visual Manual Procedure 

 
 The lithology, moisture, density, color, sample identification, OVM measurements, 

 
 Groundwater grab samples will be collected from each borehole using new disposable 

ill be 

ns by 

 
 All ozone sparge points will be constructed using 1/2-inch diameter stainless steel 

he 

be 

 
 A sand pack of #2/12 washed sand will extend from 6 inches below the bottom of the 

 
 A seal of bentonite clay will extend a minimum of 2 feet above the sand pack. A 

ie 

An OVM will be used during the drilling and sampling activitie
presence of Volatile Organic Compounds (VOCs). 

ozone sparge points. After the desired depth has been reached the ozone sparge poin
is constructed by lowering a 1/2-inch diameter stainless steel riser pipe with 1 to 3 
feet of 1-inch 0.020 slotted stainless steel well screen threaded at the bottom throug
the HSAs. After 6 inches of sand, the attached sparge assembly is lowered through 
the HSA annulus to the bottom of the boring. A sand filter pack is installed from the
total depth to approximately 0.5 to 1 foot above the screened interval. A two-foot 
thick bentonite seal is then installed above the sand filter pack that prevents the gro
from entering the screens. With the bentonite barrier in place, neat cement and 
bentonite slurry is then installed in the annulus to form a well seal. 

RAP. Soil samples if will be collected for lithologic descriptions only by driving an 
18-inch long, split-spoon sampler at specified intervals. One 6 inch sample will be 
retained for field description of the lithology. 

(D 2488-93) and Munsell Soil Color Charts. Using a PID Meter, the soil headspace 
will be field screened within a sealed sample bag. 

and well construction details will be recorded on the boring logs as appropriate. 

plastic bailers. Groundwater samples will be retrieved from the borehole and 
decanted from the bailer to laboratory prepared 40-mil VOAs. The samples w
labeled and stored on ice at 4-degrees Centigrade until delivery to a California 
Licensed environmental analytical laboratory under a fully executed chain-of-
custody. Groundwater samples will be analyzed for total petroleum hydrocarbo
EPA Method 8015M. 

tubing and 1 to 3 feet of 1-inch diameter 0.020-slotted stainless steel well screen. T
screened interval will be placed as described in the RAP. A threaded cap will be 
attached to the bottom of the casing. Ozone sparge point construction details will 
documented on the boring log. 

stainless steel casing to 6 inches above the slotted well screen. The sand will be 
poured through the HSAs as the augers are removed from the boring. 

cement/bentonite slurry, not exceeding 5 percent bentonite, will be placed by trem

SOP Ozone Sparge Pts Install 2 of 4 March 2005 



pipe to 2 feet below the ground surface. The top of the stainless steel casing will be 
approximately 2 inches below grade. A threaded cap will be placed over the top of 
the casing during well completion to prevent debris from entering the well. 

 
 The wells will be protected by 18-inch flush-mounted traffic boxes set in concrete. 

 

 
 Upon completion of the ozone sparge point installations, each point will be secured 

 

The tops of the traffic boxes will be set above grade with a gently sloping concrete 
rim. The ozone sparge point identification number will be stamped in the traffic box
lid. 

by bolting down the lid of the flush-mounted traffic box. 
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1.0 INTRODUCTION 
 
For the purposes of this document the term ENGINEER will apply to Winzler & Kelly Consulting 
Engineers the environmental consultant. The term OWNER will apply to the property owner and 
responsible party for the site. The term CONTRACTOR will apply to the contracting firm preparing 
the costs associated with the bid and the contractor/contracting firm selected through the 
procurement process to perform the detailed work scope. 
 
2.0 SITE DESCRIPTION 
 
The site is currently a vacant lot and is located on Santa Rosa Avenue, south of East Robles 
Avenue, in southeastern Santa Rosa, California (Figure C-1). This site is in the central portion of the 
Santa Rosa Plain Sub Basin, which extends from Windsor south to Penngrove. The approximate 
elevation at the site is 105 feet above mean sea level. Currently, there are three on-site monitoring 
wells (MW-6 through MW-8) and five off-site monitoring wells (MW-5, and MW-9 through MW-
12) associated with the site cleanup and groundwater monitoring process. The topography of the 
area surrounding the site is generally flat, with a slight slope to the west-southwest. 
 
3.0 OZONE SPARGE POINT INSTALLATION (BY OTHERS) 
 
Prior to the ozone sparging system installation, the ENGINEER will oversee a C-57 licensed 
drilling contractor install 12 ozone sparge points (SP-1 through SP-12). The ozone sparge points 
will be installed at approximately 20 feet on center, with 1-inch diameter 304L stainless steel sparge 
points and riser piping, as shown on Figures C-3 and C-4. Installation of the ozone sparge points is 
not part of this contract and will be completed by others. The specified well vault boxes, Pomeco, 
part #6110-18WT will be provided and set in either pea gravel or sand by the drillers upon 
completion of the sparge point installation. The CONTRACTOR will use these well box vaults for 
the installation. 
 
3.0 OZONE SPARGE SYSTEM 
 
Applied Process Technology, Inc. (APT) will contract with the OWNER to furnish the ozone sparge 
unit and will coordinate directly with the CONTACTOR for installation and final system hook-up. 
The ozone system is a compact unit, which consists of a NEMA 3R cabinet with UL-rated parts and 
an enclosed ozone generator. The ozone system is enclosed in a 2.5x2.5x4.5 foot weather resistant 
cabinet and is air cooled by installed fans. The total ozone system dry weight is approximately 300 
pounds and requires a 115 Volt, single-phase, 60 Hz (15 amp service) to operate. Along with the 
ozone unit, the remedial system includes an oil-less air compressor. A 115 Volt, single-phase, 60 Hz 
(20 amp circuit) is required for this portion of the system. Electrical requirements are the ozone 
system is shown on Figure C-4 and detailed in Section 5.1. 
 
4.0 CONTRACTOR’S RESPONSIBILITY FOR SAFETY 
 
The CONTRACTOR shall be solely and completely responsible for conditions of the job site, 
including safety of all persons (including employees) and property during performance of the work. 
The requirements shall apply continuously and not be limited to normal working hours. Safety 
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provisions shall conform to U.S. Department of Labor, the California Occupational Safety and 
Health Act (OSHA), and all other applicable federal, state, county, and local laws, ordinances, 
codes, and any regulations that may apply. 
 
5.0 SITE WORK 
 
The CONTRACTOR is responsible for coordinating delivery of the ozone sparge unit constructed 
by APT and the installation of the ozone sparge unit in the enclosure. APT will provide ozone 
delivery tubing connections to the ozone unit. The CONTRACTOR will include bringing in 
electrical service, and providing and installing either a steel or plastic enclosure around the ozone 
sparge unit. The CONTRACTOR will trench and backfill from the unit enclosure to the individual 
sparge points (SP-1 through SP-12), completing all connections, and testing the unit for system 
leaks and startup with the ENGINEER to ensure the system is operating correctly. These are 
discussed in more detail below. 
 
5.1 Underground Trenching 
 

 CONTRACTOR will provide all labor and equipment to complete the trenching as 
illustrated in Figure C-2. All trenching will be in native dirt and no concrete, asphalt, or 
other permanent surface material is expected. 

 
 CONTRACTOR will excavate trenches from the system enclosure to the ozone sparge 

points and to the PG&E electrical source (Figure C-3). CONTRACTOR will mark the 
trench locations in white paint and notify Underground Service Alert (USA) at 1-800-
227-2600, two working days before excavating. CONTRACTOR will saw cut asphalt 
prior to trenching. Excavated asphalt will be disposed of by recycling by the 
CONTRACTOR. Trenches will be excavated to allow the PVC conveyance piping to be 
buried a minimum of 12-inches below ground surface (bgs). 

 
 CONTRACTOR will install an external electrical panel equipped with one 115 Volt, 

single-phase, 60 Hz (15 amp) circuit breaker for the ozone generator unit and one 115 
Volt, 60 Hz (20 amp) circuit breaker for the oil-less air compressor. One additional 115 
Volt, 60 Hz (20 amp) circuit breaker for the electrical exhaust fan and an outlet for 
general use. All breakers must be GCFI rated and an emergency shutoff switch mounted 
on the exterior of the enclosure. CONTRACTOR to coordinate all utility hook up with 
PG&E. 

 
5.2 Piping and Valves (Ozone Delivery) 
 

 CONTRACTOR will install 2-inch (minimum) SCH 40 conveyance conduit or 
equivalent piping from the system compound to the ozone sparge points. Figure C-2 
illustrates the system piping layout and laterals to each sparge point location. 
CONTRACTOR to provide and install ⅜-inch O.D. Teflon FEP (0.03-inch wall 
thickness) distribution tubing (no substitutions) for ozone injection (Ryan Herco # 0319-
091). Individual tubing to be installed within the conveyance conduits sized as noted on 
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Figure C-2. The ozone delivery tubing will be housed within the 2-inch (minimum) 
conveyance conduit (Figure C-4). 

 
 CONTRACTOR will install 2-inch long radius sweeps at all changes in direction of 

conveyance conduit and to individual ozone sparge points shown on Figure C-3 and 
Figure 2 of Attachment A. At each sparge point, CONTRACTOR will provide and 
install a ½-inch compression to a ½-inch threaded female connector (Swagelok #SS-810-
71-8) to the ½-inch stainless steel sparge point riser tubing. A ½-inch by 3-inch stainless 
steel nipple will be connected to the female connector and a threaded ½-inch stainless 
steel Tee (Swagelok #SS-8-T-10K). The Tee will be installed in the vertical orientation 
with a ½-inch stainless steel threaded plug (Swagelok #SS-8-P) installed at the top. A ½-
inch threaded check valve made of Kynar material (Ryan Herco # 5162-005) will be 
connected to the Tee in the horizontal position with the flow direction towards the well. 
From the check valve, install a ½-inch FNPT by a 3/8-inch O.D. tubing connector made 
of Kynar material (Ryan Herco # 0607-056). CONTRACTOR will complete the will 
head connection of the ⅜-inch O.D. Teflon FEP ozone delivery line to the 3/8-inch 
compression fitting provided by the CONTRACTOR. Figure 2 of Attachment A 
provides a detail of the specific pipe and delivery tubing connection for each sparge 
point. CONTRACTOR is responsible for the replacement of any and all o-rings in the 
specified plumbing fittings and connectors provided by the CONTRACTOR to those 
compatible with Ozone. 

 
 Figure 2 of Attachment A (GES Drawing) provides a detail of the specific pipe and 

delivery tubing connection for each sparge point. This figure is a general well head 
design from the sparge and injection point manufacture. 

 
 CONTRACTOR will provide permanent identification labels on each ozone supply line 

at the system panel location. 
 

 The CONTRACTOR will backfill the trench with compacted native material to the 
specified depth shown on Figure C-3, and post a no drive barrier to prevent vehicles 
from driving across the trenched area. CONTRACTOR will blow and clear all tubing 
lines clean with air prior to the final connection to the ozone sparge delivery points to 
ensure that no debris remains in the distribution lines. CONTRACTOR will connect the 
designated tubing lines to the ozone sparge points. CONTRACTOR will install the 
ENGINEER provided weather-tight, traffic-rated 18-inch diameter steel cover from 
Pomeco (Part #6110-18WT) well boxes over each well point and complete the final 
installation of the well boxes with concrete as shown on Figure C-3. A Pomeco well box 
specification sheet is shown in Attachment A. 

 
 With ENGINEER present, CONTRACTOR will pressure test the supply lines. Perform 

testing by plugging the end of the line prior to the connection with the ozone sparge 
point riser pipes and then pressurizing the lines to 30 psi of air for a minimum of 30 
minutes. The delivery lines will pass if the pressure drop during the test is less than 2 psi. 
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5.3 Unit Pad and Equipment Enclosure 
 

 CONTRACTOR will construct a 6x8 foot concrete pad in the location shown on Figure 
C-2. The concrete pad shall be constructed with a minimum thickness of 4-inches above 
the existing surface. The slab should include No. 4 rebar around the perimeter of the slab 
and wire tied at all splices and 6X6 inch wire mesh installed in the field of the slab. 
CONTRACTOR will furnish and install a plastic shed enclosure and mount/attach to the 
concrete slab. Enclosure dimension should be suitable for a 6x8 foot concrete pad. The 
enclosure should be a Duramax, Duramate 6X8 foot vinyl storage shed and is available 
locally. A product specification sheet is enclosed in Attachment A. CONTRACTOR will 
install an electric fan inside the system enclosure at the top of the gable end of the 
enclosure and a 24-inch by 24-inch air vent along the base of the enclosure for system 
airflow circulation. A product specification sheet is enclosed in Attachment A. 

 
 CONTRACTOR will anchor the ozone system provided by the ENGINEER to the 

concrete pad. CONTRACTOR will permanently mount (bolt down) the ozone system 
equipment cabinet to concrete pad to prevent movement due to potential vibration. 
CONTRACTOR will permanently mount (bolt down) a 10-gallon electric powered oil-
free air compressor furnished by the ENGINEER inside system enclosure using 
vibration isolation pads. The outlet of the air tank shall be fitted with a ½-inch ball valve, 
to allow for complete shutoff of air supply to the ozone unit. The outlet of the pipe will 
be ½-inch diameter and will be fitted with a 0.5-micron coalescing filter (Grainger 
#6B259) furnished by the CONTRACTOR. The filter will prevent debris from fouling of 
the ozone unit. The compressor to be fitted with an intake filter and silencer to ensure no 
fouling of the compressor and to reduce the operation noise. CONTRACTOR to provide 
and install all required compressor fittings, this includes but not limited to, pressure 
switch, filters, vent flow meter, pressure gauges (see Attachment B). 

 
 CONTRACTOR will post the following signs: 1) No smoking, 2) Placard identification 

for oxidizer agent (ozone), and 3) Emergency contact info. 
 
6.0 GENERAL REQUIREMENTS 
 
6.1 Supplies and Equipment 
 

CONTRACTOR will provide all conveyance pipe, fittings, Teflon FEP tubing (no 
substitutions), and materials to complete job. CONTRACTOR will wrap all stainless steel 
threaded piping connections with Teflon tape. No paste type joint compounds will be used 
for pipe and tubing connections (unless specified). CONTRACTOR will remove all 
construction debris, including excess soil and concrete upon completion of construction. The 
CONTRACTOR and APT will provide the ENGINEER with a binder containing all 
instruction and service manuals, cut sheets of the products, and components installed within 
30 days of passing system pressure test. The CONTRACTOR will also provide the 
ENGINEER with an AS BUILT Drawings (Record Copy of Drawings) within 30 days on 
completion of the project. 
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6.2 System Start-Up 
 

Upon completion of system installation the CONTRACTOR and APT will be on-site jointly 
to perform a final system start-up and shutdown procedure. CONTRACTOR will assist APT 
in the initial system startup. The ENGINEER will be notified and will also attend the initial 
system startup. 
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HVDPE Process Description and Diagrams
 



High-Vacuum Dual-Phase Extraction Process 
Description and Diagrams 

 
High-Vacuum Dual-Phase Extraction (HVDPE) uses a liquid ring pump to extract soil 
vapor by vacuum and groundwater by suction lift (Figure 1). Groundwater extracted 
during the HVDPE process is separated out using a liquid/vapor knockout (Figure 2). Up 
to 300 gallons per day of extracted water is reused in the liquid ring pump. The remaining 
water is treated through the on-site treatment process. Most of the hydrocarbon 
contamination (especially TBA) is removed from the extracted water by use of air 
stripping and heating while under high vacuum. The treated water is then treated by two 
carbon canisters in series or discharged directly to the sanitary sewer. A water meter is 
placed in line to measure the amount of water being discharged, and periodic sampling is 
performed accordance with the requirements of the sewer permit. It is expected that 
contaminated groundwater will be removed at the rate of up to approximately 2-7 gallons 
per minute. 

Figure 1 - Extraction Process

 
 
At least twice a day, the system operators will record system parameters such as vacuum, 
temperature, vapor flow rate, and the amount of groundwater extracted from the site. 
Groundwater drawdown/vacuum response in observation wells will periodically be 
measured. The operators will use a Horiba MEXA-324JU field analyzer, calibrated as 
hexane, for field measurements of influent hydrocarbon concentrations. Periodic vapor 
samples will be obtained and provided under chain-of-custody procedures to you for lab 
analysis of TPH-G (EPA Method 8015M) and BTEX/MTBE (EPA Method 8021). 
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Figure 2 - Flow Diagram 

 

Groundwater drawdown levels will be measured during this process. Initially, a 1-1/4” ID 
stinger tubes will be lowered to the level of groundwater existing in the extraction 
well(s). As groundwater is extracted, the stinger tubes will be lowered gradually until 
they reach a desired depth. This will be done to dewater the saturated zone around the 
extraction wells and to dry up the capillary fringe and the saturated zone for high-vacuum 
vapor extraction. By keeping the stinger below the water table, the wells will remain 
dewatered for the remaining duration of the pilot test. This will increase the cone of 
depression around the wells and increase the area from which vapors can be extracted. 

Figure 3 - Groundwater Extraction
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